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Abstract: In this study, changes in some horticultural characteristics of jujube fruits at two ripening stages were investigated. The
ripening stages were determined by reference degree (%) of the red zone on the surface of the fruit: white ripening stage (WR), 5–15%;
red ripening stage (RR), 95–100%. Fruit weight, length, width, color, and firmness were examined as morphological characteristics;
phenolics, organic acids, fatty acids, and sugars were evaluated as biochemical characteristics. Fruit weight was 22.63 g in the WR
stage and 28.42 g in the RR stage. The dominant phenolic acid was p-hydroxybenzoic acid in both ripening stages (623 mg 100 g–1 in
WR, 370 mg 100 g–1 in RR). Catechin, epicatechin, and gallic acids increased at the RR stage compared to WR, while protocatechuic
and p-hydroxybenzoic acids decreased. The examined organic acids had higher values at the RR stage and all results were found to be
statistically significant. Malic acid was the dominant organic acid in both ripening stages. The dominant sugar was fructose in both
ripening stages, followed by glucose and sucrose. The fatty acid analysis showed that jujube fruits are rich in unsaturated fatty acids. The
predominant fatty acid was oleic acid, followed by palmitic and linoleic acids. The present study revealed that the RR stage of jujube
fruits was found appropriate for the human diet compared to the WR stage.
Keywords: Fatty, jujube, organic, phenolic, sugar

1. Introduction
Jujube (Ziziphus jujuba Mill.) belongs genus Ziziphus of
family Rhamnaceae (Islam and Simmons, 2006). Ziziphus
mauritiana Lam. (Indian jujube) and Ziziphus jujuba Mill.
(Chinese jujube) are the most common jujube species
among the 135–170 species reported. Jujube plants can
thrive in various climates and can grow naturally in some
regions of the Middle East, South China, Italy, and the
western and southern regions of Turkey (Ercisli et al.,
2007; Ecevit et al., 2008; Gunduz and Saracoglu, 2014).
The popularity of jujube is increasing due to its
nutritional aspects. The fruits of jujube, which may
contribute to regulating blood sugar levels by slowing
digestion depending on its dietary fiber and fructose
contents, are a healthy choice for the human diet (Li
et al., 2007; Gao et al., 2012). According to previous
studies, it is certain that jujube fruits are a good source
of different bioactive compounds (Choi et al., 2011; Gao
et al., 2013; Gozlekci et al., 2015). Its antioxidant capacity
plays an important role in the prevention of diseases
associated with oxidative stress such as cancer, cellular
aging, cardiovascular diseases, and inflammation (Dai
and Mumper, 2010; Wang et al., 2016). Organic acids,

phenolic acids, sugars, vitamins, minerals, fatty acids, and
antioxidant activity were the most emphasized aspects
of jujube fruits regarding human diet (Choi et al., 2011;
Gao et al., 2012; Gundogdu et al., 2014; Koley et al.,
2016). Such characteristics directly affect quality and may
vary depending on factors such as geographic origin,
environmental conditions, storage conditions, cultural
practices, maturity, and genotype characteristics (Koley et
al., 2016; Wang et al., 2016).
The color of the jujube peel gives important information
about the maturity of the fruit. The peel color turns yellow
to green first, then becomes reddish, and finally red. Jujube
fruits have 4 ripening periods: green fruit phase, white
fruit phase, semired fruit phase, and red fruit phase. The
fruits should reach at least the white maturity period in
order to be consumed (Wang et al., 2016).
Jujube has started to gain popularity in Turkey resulting
in the establishment of commercial orchards. However,
there is limited information on jujube fruits grown in
Turkey with respect to biochemical, morphological, or
phenological characteristics. Therefore, this study aimed to
determine the changes of some horticultural characteristics
of jujube fruits at 2 ripening stages collected from plants
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grown in the biggest commercial orchard of the Amasya
province located in the inner Anatolia region of Turkey.
We believe that the results will shed light on future jujube
research.
2. Materials and methods
2.1. Plant materials
The commercial jujube (Ziziphus jujube Mill.) orchard
propagated from sucker shoots was established 8 years
ago in the Suluova district of the Amasya province of
Turkey at the coordinates of 40.83°N, 35.64°E. The garden,
which was established in an area of 400 m altitude, has a
southern view and 3% slope. Planting frequency of plants
is 4 m on interrow and 2 m on intrarow. The jujube fruits
were harvested at 2 different ripening stages (Figure
1). The fruits at the white ripening stage (jujube fruits
with red surface area of 5–15%) were collected in early
October in both 2017 and 2018; and the fruits at the red
ripening stage (jujube fruits with red surface area of 95–
100%) were collected in mid-October in both 2017 and
2018. Pruning was carried out in February and March.
Fertilizers as manure and agrochemical fertilizer including
micro elements were used in growing season. Harvest was
manually performed.
2.2. Fruit characteristics
Fruits were measured for morphological characteristics
to reveal the differences between the 2 ripening stages.
For this purpose, fruit weight (g), width (mm), length
(mm), color and firmness (kg cm–2) were determined, and
a total of 15 fruit samples with 3 replicates were used for
each measurement. The fruit color was measured using a
colorimeter (Minolta Chroma Meter), fruit firmness was
measured using a hand penetrometer, and fruit dimensions
were measured with a digital caliper.

A

2.3. The extraction method for phenolic acids
The jujube fruit samples have been extracted according to
the method described by Liu et al. (2010). Dried jujube
fruits milled into a fine powder. A 2.0 g of jujube fruit
powder extracted 3 times with 20 mL of aqueous methanol
(80%) in an ultrasonicator bath at 40 °C for 20 min for
each extraction. The obtained extracts from 3 extractions
were combined. After the removal of ethanol using rotary
evaporation, the extract was dissolved in 10 mL methanol,
followed by filtration through a 0.45 µm filter. After this,
the clear solution was placed in a glass vial of HPLC and
the sample was analyzed by HPLC–PDA.
2.4. HPLC analysis for phenolic acids
Phenolic acids (gallic acid, protocatechuic acid,
p-hydroxybenzoic acid, catechin, and epicatechin)
separation was performed using an HPLC autosampler
system model LC–20AT, on an Inertsil C18 ODS–3 column
(5 μm particle size, 4.6 mm × 250 mm, Japan) at 40 °C.
The mobile phase was methanol. The flow rate was 0.8 mL
min–1. The detection monitored at 280 nm (Öztürk and
Tunçel, 2011) using SPD–M20A photodiode arrays (PDA)
detector (Shimadzu, Japan).
2.5. The extraction method for organic acids and sugars
The jujube fruit samples were extracted according to the
method described by Liu et al. (2010). Dried jujube fruits
were milled into a fine powder. 5.0 g of jujube fruit powder
was extracted 3 times with 50 mL of distilled water in an
ultrasonicator bath at 40 °C for 20 min for each extraction.
The obtained extracts from 3 extractions were combined.
Samples were filtered through a 0.45 µm membrane filter
(Iwaki Glass, Shearwater Polymers, Inc., Texas, USA)
before HPLC analysis. The clear solution was placed in a
glass vial of HPLC and the sample was analyzed by HPLC–
PDA.

B

Figure 1. Two ripening stages of jujube fruits: A-White ripening (WM) B- Red ripening (RM)
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2.6. HPLC analysis for organic acids
Organic acids (oxalic, tartaric, formic, malic, L-ascorbic,
malonic, maleic, citric, succinic, fumaric) separation was
performed using an HPLC auto sampler system model
LC–20AT, on an Inertsil C18 ODS–3 column (5 μm
particle size, 4.6 mm × 250 mm, Japan) at 40 °C. Water:
acetonitrile (9:1) was used as a mobile phase. Detection
was monitored at 210 nm (Bhandari and Kawabata, 2004)
using an SPD–M20A photodiode arrays (PDA) detector
(Shimadzu, Japan).
2.7. HPLC analysis for sugars
Sugar analysis was performed using an HPLC autosampler
system model LC–20AT with a refractive index detector
(Waters Corp., Chicago, USA) (Çekiç and Özgen, 2010).
The separation was carried out on an Inertsil NH2 column
(5 μm particle size, 4.6 mm × 250 mm, Japan) at 40 °C.
Acetonitrile:water (75:25) was used as a mobile phase.
2.8. Oil extraction
Oil extraction was performed based on the method of
Bligh and Dyer (1959). Oils of 20 g fruits were extracted
using hexane solvent for 1 h using automatic Soxhlet
equipment (Gerhardt Soxtherm), and triplicate analysis
was reported for each fruit. The residue was dried until a
constant weight was observed. Methanol was used for the
preparation of fatty acid methyl esters (FAMEs) (AOAC,
1990).
2.9. Fatty acids analysis
Fatty acid methyl esters (FAMEs) contents were
analyzed using gas chromatography, model GC–210 Plus
(Shimadzu), coupled with a mass spectrometer, model GC/
MS–QP2010 Ultra (mass selective detector) as described
by Tariq et al. (2011). The separation was performed on
a capillary column RXi–5MS (30 m × 0.25 mm, 0.25 μm
of film thickness). The conveyor gas was helium with a

flow rate of 1.13 mL min–1. The column temperature was
set to 60–280 °C at the rate of 3 °C/min. The temperature
of the injector was programmed at 300 °C. The sample
injection volume was 0.1. The split ratio was 1:50. The mass
spectrometer was set to scan in the range of m/z 35–650
with an electron impact (EI) mode of ionization.
2.10. Statistical analysis
Statistical analyses were performed with the statistical
software package SPSS, version 20.0 (IBM Corp., Armonk,
NY, USA). Data were subjected to 2–way ANOVA and
were separated by Duncan’s test. There were no statistical
differences between the years, thus the data were pooled.
3. Results and Discussion
3.1. Fruit characteristics
The quality of fruits is closely related to some morphological
and biochemical characteristics (Karaçalı, 1990; Cemeroğlu,
1992; Moretti, 1998; Koç et al, 2015). For this purpose,
we evaluated a number of important characteristics of
jujube fruits in order to determine the differences between
the 2 ripening stages. The changes in all morphological
parameters, except fruit volume between the 2 ripening
stages, were found to be statistically significant. As shown
in Figure 2, there were considerable increases in the
physical characteristics of jujube fruits from the WR stage
to the RR stage including fruit weight, fruit width, and
fruit length changing from 22.63 g to 28.42 g; 35.41 mm to
38.88 mm; and 39.30 mm to 43.67 mm, respectively. Fruit
firmness decreased from 14.2 kg cm–2 at WR stage to 10.8
kg cm–2 at RR stage (Figure 2). The current morphological
characteristics revealed that fruit quality was higher at the
RR stage compared to the WR stage.
The fruit color indices are presented in Figure 3. L,
a, and b values are important fruit color determination
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Figure 2. Changes in fruit characteristics. Means separation within column
and line by ANOVA test, NS-not significant, * P ≤ 0.05, ** P ≤ 0.01, ***
P ≤ 0.001

393
Published by Research Showcase @ UMarin, 2020

3

TURKISH JOURNAL OF AGRICULTURE AND FORESTRY, Vol. 44 [2020], No. 4, Art. 7
KELES / Turk J Agric For
parameters (Koç et al., 2015). The L value represents
lightness, a value reflects the color change from red to
green and b value shows the change from yellow to blue
(Gunduz and Saracoglu, 2014). In the present study L
values decreased from 62.98 to 37.25, a values increased
from –1.32 to 19.65, and b values decreased from 27.82
to 17.04 (Figure 3). These results of ripening stages were
statistically significant, showing that the change in fruit
color is closely related to the ripening stage.
3.2. Individual phenolic content of fruits
Phenolic compounds of fruits are valuable for the
human diet due to their health-beneficial effects. The
phenolic compound concentration is an important
70

indicator of fruit antioxidant activity. Phenolic content is
influenced by genotype and growing conditions ecology.
Previously, it was reported that jujube fruits contain
various phenolic compounds including hydroxybenzoic
acids, hydroxycinnamic acids, other phenolic acids, and
flavonoids (Gao et al., 2013; Wang et al., 2016). In the
present study, 5 phenolic compounds (p-hydroxybenzoic
acid, catechin, epicatechin, gallic acid, and protocatechuic
acid) were separated and quantified by HLPC–LC 20AT.
Concentration changes of catechin and gallic acid at WR
and RR stages were not statistically significant, while the
other phenolic acids were found significant (Figure 4). At
the RR stage, catechin (36.79 mg 100 g–1), epicatechin (47.49

a
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b***
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0
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Figure 3. Changes in color properties. Means separation within column
and line by ANOVA test, NS-not significant, * P ≤ 0.05, ** P ≤ 0.01, ***
P ≤ 0.001
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Figure 4. Changes in content of individual phenolic compounds (mg 100
g–1) Means separation within column and line by ANOVA test, NS-not
significant, * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001
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mg 100 g–1), and gallic acid (10.43 mg 100 g–1) showed
higher values than the WR stage, while p-hydroxybenzoic
acid and protocatechuic acid were lower at the RR stage
than WR (Figure 4). In accordance with Wang et al.
(2011), p-hydroxybenzoic acid was the dominant jujube
fruit phenolic acid at both the RR and WR maturity stages,
with 370.42 mg 100 g–1 and 623.92 mg 100 g–1, respectively.
3.3. Organic acids
Organic acids are important for the human diet because
of their alkaline nature, and are found in fruits in the form
of salts, glycosides, and esters (Gundogdu et al., 2014).
Combined with other compounds, organic acids affect
taste directly (Ozgen et al., 2008, Gunduz and Saracoglu,
2014). Similar to phenolic acids, organic acids are also
involved in plant stress tolerance (Aras et al., 2018). In
the present study, fruits harvested at different ripening
stages were examined for common organic acids of jujube
fruits (Malic, citric, succinic, and ascorbic) (Figure 5).
Changes in the amount of organic acids were statistically
significant and all organic acid concentrations increased
with ripening. The amount of malic acid was dominant in
both ripening stages (84.72 mg 100 g–1 in WR; 219.83 mg
100 g–1 in RR). Similarly, Gao et al. (2012) reported that
malic acid was dominant among the total acids of jujube
fruits. Succinic, citric, and ascorbic acids were the other
dominating acids. It was determined that succinic acid in
fruits of the WR stage was 78.73 mg; citric acid was 52.35
mg; and ascorbic acid was 51.94 mg per 100 g. The same
organic acids examined in the RR stage had higher values
compared with fruits in the WR stage (188.97 mg 100 g–1;
108.14 mg 100 g–1, and 89.63 mg 100 g–1, respectively).
In the previous study, malic acid was the predominant
organic acid in jujube cultivars (Gao et al., 2012). It is quite
apparent that jujube fruits are a good source of ascorbic
2500

acid (vitamin C) for the human diet compared to other
high vitamin C content fruits such as mango (60.5 mg 100
g–1 FW), guava (72.2 mg 100 g–1 FW) (Luximon-Ramma et
al. 2003), kiwi (29–80 mg 100 g–1 FW) (Nishiyama et al.,
2004), raspberry (6–65 mg 100 g–1) (Benvenuti et al. 2004),
blackberry (52.41 mg 100 g–1 FW), blueberry (73.21 mg
100 g–1 FW), and cherry (62.42 mg 100 g–1 FW) (de Souza
et al., 2014). Similar results according to the ascorbic acid
content of our study were obtained from the study of Koley
et al. (2016). They found that ascorbic acid contents of
some Zizyphus genotypes ranged from 71.56 to 99.49 mg
100 g–1.
3.4. Sugars
Sugars are one of the most important compounds of fruits
and are significant factors in determining the quality of
fruit pulp and juice (Ayaz and Bertoft, 2001; Gozlekci et
al., 2015). In addition, according to other studies, fructose
and glucose are the dominant sugars affecting the flavor
of the fruits (Shaw, 1988). In the present study, fructose,
glucose, and sucrose contents of jujube fruits were
investigated; fructose and glucose were determined as the
dominant sugars in jujube fruits (Figure 6), which is in
accordance with Li et al. (2007) and Wu et al. (2012). In
both the WR and RR stages, fructose was the major sugar
(4268.18 mg 100 g–1 and 5113.35 mg 100 g–1, respectively).
It was determined that glucose in fruits at the WR stage
was 2140.00 mg 100 g–1, and sucrose was 446.10 mg 100
g–1. When compared with WR stage values, the RR stage
values of glucose and sucrose were higher: 2450.49 mg 100
g–1 and 589.22 mg 100 g–1, respectively (Figure 6). Some
biochemical changes in fruits such as variations in the sugar
content, hydrolysis of pectin, or changes in the content of
phenolic and organic acids are induced by fruit ripening
(Prasanna et al., 2007; Wang et al., 2012). In this study,
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2000
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RR Stage

1500
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b
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a***

Ascorbic

Malic
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a***

Succinic

Figure 5. Changes in organic acids content (mg 100 g–1) Means separation
within column and line by ANOVA test, NS-not significant, * P ≤ 0.05, ** P
≤ 0.01, *** P ≤ 0.001
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3.5. Fatty acids
Fatty acids are important for the human diet because they are the
source of energy for many organisms, and only excess glucose
can be stored effectively as fat (San and Yildirim, 2010). Fatty
acids are commonly classified as saturated, monounsaturated,
and polyunsaturated fatty acids. Unsaturated fatty acids are
precious for nutrition (Nettleton, 1995; Beyhan et al., 2017).
Unsaturated fatty acids have an important role in protecting
the body against heart disease, some cancer types, and some
other diseases (San and Yildirim, 2010; Simopoulos, 2008;
Lunn and Theaobaald, 2006). In previous studies, it was
determined that jujube fruits are a good source of fatty acids
and rich in unsaturated fatty acids (Guil-Guerrero et al.,
2004; San and Yildirim, 2010; Gao et al., 2013). In this study,
14 different fatty acids (6 unsaturated and 8 saturated) were
detected in jujube fruits at different ripening stages (Table). For

fructose, glucose, and sucrose contents were determined
to tend to increase with ripening, which is in accordance
with Wu et al. (2012) and Pareek (2013). Glucose and
sucrose concentrations were similar to the results of other
studies (Wu et al., 2012; Gao et al., 2012), while fructose
values were higher. This situation may be explained with
the effect of geographic origin, environmental conditions,
storage conditions, or cultural practices (Koley et al., 2016;
Wang et al., 2016). In addition, with the enzyme invertase,
sucrose and sorbitol may be hydrolyzed to fructose, and
this may have caused an increase in the fructose level
(Sandke, 1973; DVilliers et al., 1974; Berüter, 1985). Gao
et al. (2012) reported that fructose-rich fruits are a healthy
choice for diabetics; thus, the results of the present study
show that jujube fruits are suitable for this purpose.

6000
a***
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b

RR Stage
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b

a***

2000
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b

0

Fructose

Glucose

a*
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Figure 6. Changes in sugar content (mg 100 g ) Means separation within
column and line by ANOVA test, NS-not significant, * P ≤ 0.05, ** P ≤ 0.01,
*** P ≤ 0.001
–1

Table. Changes in fatty acids (%).
Unsaturated fatty acids

Saturated fatty acids
WR

RR

WR

RR

Oleic (C18:1)

37.94

36.50

Palmitic (C16:0)

20.58

Linoleic (C18:2)

9.54NS

9.40

Behenic (C22:0)

6.32a**

3.76b

Palmitoleic (C 16:1)

*

3.75a

7.73b

Lauric (C12:0)

2.98b

5.84a

Gondoic (C 20:1)

3.88a*

4.61b

Lignoceric (C24:0)

2.58a**

1.76b

Erucic (C 22:1)

3.67a

2.79b

Cerotic (C26:0)

*

1.19a

0.59b

Linolenic (C 18:3)

3.54a

0.06b

Total

NS

***
***

62.30

61.10

NS

***

20.88

Myristic (C14:0)

1.72b

3.25a

Stearic (C18:0)

1.23a**

1.11b

Arachidic (C20:0)

1.08b

1.72a

Total

37.70

38.90

***

*

Means separation within column and line by ANOVA test, NS-not significant, * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001
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both ripening stages, oleic, linoleic, and palmitic acids were the
predominant fatty acids. Oleic acid was the highest fatty acid in
WR stage fruits (37.94%), followed by palmitic acid (20.58%)
and linoleic acid (9.54%). With fruit ripening in the RR stage,
again oleic acid was the major fatty acid (36.50%), followed by
palmitic acid (20.88%) and linoleic acid (9.40%). Compared
with saturated fatty acids, unsaturated fatty acids that are
important for human diet were predominant in both WR
(62.30%) and RR (61.10%) stages of jujube fruits. According
to Guil-Guerrero (2004), some conditions such as culture type,
location, and developmental stage may influence the fatty
acids’ profiles. Our results indicated significant differences in
fatty acid profiles between maturity stages. Our results are in
accordance with Gusakova et al. (1999), Guil-Guerrero (2004),
Zhao et al. (2006), and San and Yildirim (2010).

4. Conclusion
The current study demonstrated that jujube fruits are rich
in organics, phenolics, fatty acids, and sugars. Moreover,
the study revealed significant biochemical characteristic
changes during various ripening stages. The fruit quality
attributes were influenced by different ripening stages.
The ecological conditions of the orchard area could also
be influential on fruit characteristics. Organic acids and
sugars enhanced with increasing ripening. Fructose
content was higher in the RR stage, which is an important
issue for diabetics. It is determined that jujube fruits are
rich in unsaturated fatty acids predominantly formed by
oleic, linoleic, and palmitoleic acid. The present study
suggests the RR stage of jujube fruits for better flavor
attributed to the higher organic acid and sugar content.
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